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‘1’hc dual-spin Galileo spacecraft (I;i~,. 1 ) was lamchcd  on October 18, 1989. As of
Dcccmber  7, 1995, it was succcssfu]l y inscrlcd  into Jupiter’s orbit an(i began its Z3-month
exploration of Ihc planet and its moons. Normally, the spacccraf[  spins at 2.9 rpm. I:or
critical events such as atmosphcrjc probe m]casc and 400 N main cn.ginc firjng, the
spacecraft is required to spin up to 10.5 rpm to cnhancc gyroscopic  s[abi]ity,  avoid
propellant unpor[ing,  and prcscrvc  scic]]cc/ll~agl]  e.to]]lctcr boom intcgrjty.  Since test rcsulls
of the Rctro  Propulsion Moctulc ‘1’cam showed that pro]ongcd  continuous firing of the spin
thrusters is not acccptablc, s]>i~lLlp/spil~do\$71~  maneuver has to bc done in pLdsed mode.
1 ixaminat  ion of the dynamic interaction among the spin thmstcr  pulsing frequency,
scicncc/magnetometer boom flexible modes, and the propellant slosh modes was
mandatory to ensure the scicllcc/lllagr~cto]llctcr  boom structural integrity and to avoicl
cat aslrophic propc] I ant unpor[ing.

‘1’o this end, a 7-body Galileo mmic.1 was ctcvclopcd.  11 consisted of a base body
(stator,  dry rotor, and scan platform), four propellant slugs, scicncc  boom, and
magnctmnctcr boom (with a 3 (lcgrccs-of-flce(lo]~l spring connecting the two booms). l’hc
modal pmpcrlics of the scicl~cc/lll:tgl~  cto]llc{cr  boom moclcs  up to 2.21 Iz were rcproctuccd
accurate] y by this mass-spring moctc],  Movements of the propellant slugs can bc realized by
two rotations of the imaginary link connecting the slug and the tank center. Thrusts arc
rcprcscntcd as forces and torqms.  Sl~-liXACrJ’  was used to gcncra~c equations of motion,
calculate angular momentum and kinetic energy, etc. ‘J’hc main program was writ[cn in
ACS1.  and subroutines were written in FORTRAN.

3’hc complctc spinup/400  N engine l)~lrl~/sj>it~(lo\vl~  maneuver scqucncc has been
simu]atcd for the crjtical events of Orbit IIcflcction  Maneuver (OIIM),  Jupiter Orbit
lnscrlion  (JO]), and Perjjovc  Raise Maneuver (PRM). The prediction of safe O1)M and JOI
was validated in flight. I/or PRM, however, the simulation results showccl  that although the
scicncchnagnctomctcr  boom s[ruct ural i ntcgrjt y is ensured, propc] lant report ing will occur
(due to low propellant lCVCI)  if the current spin thruster duty cycle (1.3 scc ON / 3.9 sec
01 ;l~) remains unchanged. A group of ncw duty cycles which correspond to thruster
pulsing frcqucncics that arc higher than the pmpcllant slosh frequency range were then
proposcct.  Simulation results demonstrated that propellant unporting problcm can bc
avoidcct if any of these duty  cycles is used. ‘1’hc project management has sclcctcd the
proposed 0.9 sec ON / 0.9 scc OFF (iuty cycle for PRM schcdulcd  to bc cxccutcd on
March 14, 1996.
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Figure  1. Galileo Spacccrafl


